The high ionization lines in active galactic nuclei (AGN), such as C iv, tend to be blueshifted with respect to the lower ionization lines, such as Hβ, and often show a strong blue excess asymmetry not seen in the low ionization lines. There is accumulating evidence that the Hβ profile is dominated by gravity, and thus provides a useful estimate of the black hole mass in AGN. The shift and asymmetry commonly seen in C iv suggest that non gravitational effects, such as obscuration and radiation pressure, may affect the line profile. We explore the relation between the Hβ and C iv profiles using UV spectra available for 81 of the 87 z ≤ 0.5 PG quasars in the Boroson & Green (BG92) sample. We find the following: (1) Narrow C iv lines (FWHM < 2000 km s −1 ) are rare (∼ 2 per cent occurrence rate) compared to narrow Hβ lines (∼ 20 per cent).
INTRODUCTION
Systematic differences between the broad low and high ionization emission line profiles in the broad line region (BLR) of active galactic nuclei (AGN) were first noted by Gaskell (1982) and Wilkes (1984; 1986) , and later confirmed by various other studies (e.g. Espey et al. 1989; Corbin 1990; Steidel & Sargent 1991; Tytler & Fan 1992; Laor et al. 1994; Wills et al. 1995; Sulentic et al. 1995; Baldwin et al. 1996; Corbin & Boroson 1996; Marziani et al. 1996; McIntosh et al. 1999; Vanden Berk et al. 2001; Richards et al. 2002) . The peak of the higher ionization lines (e.g. C iv) tend to be blueshifted with respect to the peak of the low ionization lines (e.g. Hβ), and they often show an asymmetric profile with a large excess emission on their blue side, not seen in low ionization lines. These differences suggest that the low and high ionization lines originate in physically distinct components in the BLR, as suggested earlier based on photoionization model ⋆ E-mail:
alexei@physics.technion.ac.il (AB); laor@physics.technion.ac.il (AL) fits to the emission line ratios (e.g. Baldwin & Netzer 1978; Collin-Souffrin, Dumont & Tully 1982; Wills, Netzer & Wills 1985; Snedden & Gaskell 2004) . The origin of the profile differences is not established yet, but a plausible interpretation is that the blueshift is induced by the combined effect of an outflow and obscuration of the high ionization component versus a virialized unobscured velocity distribution for the low ionization component. The range of amplitudes of the observed profile differences could either be a pure viewing aspect effect in objects which are otherwise intrinsically similar (e.g. Richards et al. 2002) , or it could be related to intrinsic differences in the dynamics of the high ionization component (Baldwin et al. 1996; Laor et al. 1997a; Peterson et al. 2000; Leighly 2004a ).
There are now good observational indications that the Hβ width is dominated by gravity. Black hole mass, MBH, estimates based on the Hβ width give values consistent with the correlation of MBH and host galaxy bulge luminosity and stellar velocity dispersion σ * seen in nearby inactive galaxies (Laor 1998; Gebhardt et al. 2000; Ferrarese et al. 2001) . The Hβ region is generally not available in objects with z > 1, and recent studies of MBH in z > 1 AGN resorted to using the C iv width instead of Hβ (Vestergaard 2002 (Vestergaard , 2004 Netzer 2003; Corbett et al. 2003; Warner, Hamann & Dietrich 2003 . Although efforts were made to calibrate the C iv based MBH estimates using the Hβ results, the differences in line profiles raise the possibility that the C iv profile may be affected by non gravitational forces, which would introduce errors in the MBH estimates.
The purpose of this paper is to obtain observationally based clues for the physical origin of the differences between the C iv and Hβ profiles in AGN. We make a systematic study of the C iv versus Hβ profiles in a nearly (93 per cent) complete sample of low z bright and well studied AGN. We have studied the C iv equivalent width (EW) distribution in this sample in an earlier paper (Baskin & Laor 2004, hereafter BL04) . Here we extend the BL04 study by measuring the various C iv profile parameters, and exploring their correlations with the Hβ parameters, as taken from the extensive analysis of Boroson & Green (1992, hereafter BG92) . In Section 2 we describe the analysis of the optical and UV spectra, and how the emission line parameters were measured. In Section 3 we describe the results of the correlation analysis and their implications, and the main conclusions are given in Section 4.
THE DATA ANALYSIS

The sample
For the purpose of this analysis we use the BG92 sample which includes the 87 z ≤ 0.5 AGN from the Bright Quasars Survey (BQS; Schmidt & Green 1983) . This sample extends in luminosity from Seyfert galaxies with νLν = 3.3 × 10 43 erg s −1 (calculated at rest frame 3000Å using the continuum fluxes in Neugebauer et al. 1987 , assuming H0 = 80 km s −1 Mpc −1 , Ω0 = 1.0), to luminous quasars at νLν = 1.4×10 46 erg s −1 . This is a complete and well defined sample, selected based on (blue) color and (point like) morphology, independently of the emission line strengths and profiles. It is also the most thoroughly explored sample of AGN, with a wealth of high quality data at most wave bands, thus making it an optimal sample for comparison of the C iv and Hβ profiles and their relation to other emission properties.
The optical spectra
The optical observations of the Hβ region of the 87 objects are described in BG92, and were kindly made available to us by T. Boroson (private communication) . The rest-frame wavelengths were calculated using redshifts determined from the peak of the [O iii] λ5007 line (see Table 1 ), kindly provided to us by T. Boroson. The I Zw 1 Fe ii template, also provided by T. Boroson, was used to subtract the Fe ii lines from the spectra. The template was broadened by convolving with a Gaussian, scaled by multiplying by a constant, and then subtracted from the optical spectrum of each object. The best-fit residual spectrum was searched by eye, while varying the broadening and the absolute flux, based on the criterion of obtaining a featureless continuum between Hγ at 4340Å and He ii λ4686 (BG92). The template was shifted by ∼ 100 km s −1 for 19 objects, yielding a better match to the Fe ii emission of those objects.
The absolute flux scale
The BG92 spectra were obtained through a relatively narrow slit which may degrade the absolute spectrophotometric accuracy. BG92 therefore used other spectra (mostly from Neugebauer et al. 1987 ) to obtain the absolute flux level at rest frame 5500Å, which they converted to an absolute V magnitude, MV . We used the cosmology assumed by BG92 (H0 = 50 km s −1 Mpc −1 , Ω0 = 0.2), to derive back the observed flux density they used at rest frame 5500Å. We then measured the corresponding observed flux density in the BG92 spectra. The ratio of the two fluxes defines a correction factor (see Table 1 ), which we applied to the BG92 spectra in order to get a better spectrophotometric accuracy. Since the BG92 spectra are not corrected for Galactic extinction, while MV are corrected, the correction factor also corrects for the Galactic extinction (the differential extinction across BG92 optical spectra is negligible). This process proved essential as otherwise the 'raw' BG92 spectra yielded optical to UV spectral slopes which were far too flat (mean fν slope of ∼ 0), while the corrected spectra yielded more plausible values (∼ −0.5, Table 1), consistent with the known mean quasar spectral shape.
The Hβ profile
In order to find the BLR Hβ profiles we subtracted the local continuum and the contribution from the narrow line region (NLR). A local power-law continuum was fitted to each spectrum between ∼ 4600Å and ∼ 5100Å, the continuum flux density at λ4861 was calculated from the fit (see Table 1 ), and the power-law fit was subtracted from the spectrum. The [O iii] λ5007 line profile was used to subtract the narrow component of Hβ. No velocity shift was allowed between the NLR components of Hβ and [O iii] λ5007, and the only free parameter was the narrow component flux. We subtracted the maximum allowed narrow component which does not produce a dip in the Hβ profile, as determined by eye inspection. The narrow component of Hβ generally contributes < 3 per cent of the total line flux, as noted by BG92, but it is significantly stronger in some of the objects. The EW of the narrow Hβ component is listed for each object in Table 1 (column 17) . The Hβ profiles of all objects are presented in Figure 1 . However, for the purpose of the correlation analysis we use the Hβ profile parameters as reported by BG92 1 , with the addition of the following two parameters measured here, the continuum flux density and the line flux density at 4861Å.
The UV spectra
A complete description of the analysis of the UV spectra is provided in BL04, and is briefly reviewed here. Archival UV spectra of the C iv region are available for 85 of the 87 BG92 objects (PG 1354+213 and PG 2233+134 had no archival UV spectra). The HST archives contain UV spectra of 47 of the objects, which were obtained by the Faint Object Spectrograph (FOS); the UV spectra for the remaining 38 objects with no HST spectra were obtained from the IUE archives (see Table 1 ). An average spectrum, weighted by the S/N ratio, was calculated when more than one archival spectrum was available. Three of the archival spectra did not have a sufficient S/N to measure the C iv line (of PG 0934+013, PG 1004+130 and PG 1448+273), and in one object C iv is heavily absorbed (PG 1700+518, e.g. Laor & Brandt 2002) , leaving a sample of 81 objects for the analysis. We corrected the spectra for Galactic reddening using the E(B−V) values from Schlegel, Finkbeiner & Davis (1998, as listed in the NASA/IPAC Extragalactic Database), and the reddening law of Seaton (1979) . Absolute wavelength calibration of the FOS spectra was carried out using interstellar absorption lines, when available (see Laor & Brandt 2002 ).
The C iv profile
A local power-law continuum was fit to each spectrum between ∼ 1470Å and ∼ 1620Å, and a narrow ([O iii] like) C iv component was subtracted following the procedure described above for Hβ. This narrow component is typically very weak to non detectable, as found in earlier studies (Wills et al. 1993b; Corbin & Boroson 1996; Vestergaard 2002) . The subtraction of a narrow C iv component was performed to insure identical analysis of the Hβ and C iv profiles. The resulting broad C iv line emission was fit as a sum of three Gaussians, using the procedure described in Laor et al. (1994, section 3 and the appendix there). Wavelength regions suspected to be affected by intrinsic or Galactic absorption were excluded from the fit (Laor & Brandt 2002) . The purpose of the three Gaussians fit is not to decompose the line to possible components, as such a decomposition is not unique, but rather to obtain a smooth realization of the line profile, which is likely to yield more accurate values for the line profile parameters.
Figure 1 presents all the measured C iv profiles. For each object we show both the smooth fit and the data points. To clarify the presentation we rebinned the UV data, where the HST spectra were rebinned by a factor of four (each four data points were replaced by their average), and the IUE spectra by a factor of two. The Hβ profiles are plots of the data, and again to clarify the presentation we smoothed the Hβ profile by convolving the data with a σ = 1.78 Gaussian (FWHM ∼ 4 pixels, which produces a negligible line broadening).
The measured parameters
The measured C iv profile parameters are listed in Table 1 , together with some additional parameters. Specifically, column (2) lists the redshifts determined using the peak of the [O iii] λ5007 line. Column (3) lists the log of the black hole mass MBH in units of M ⊙ , estimated using νLν(3000Å) and the Hβ FWHM (equation 3 in Laor 1998). Column (4) lists the log of L/L Edd (BL04). Column (5) lists the C iv EW in units ofÅ (BL04). Column (6) lists the continuum flux density at 1549Å in units of 10 −15 erg cm −2 s −1Å−1 . Column (7) lists the C iv FWHM in units of km s −1 . Column (8) lists the shift of the centroid of C iv at 3/4 maximum from the rest wavelength in units of the FWHM. This is the shift parameter defined by BG92. Negative values indicate a blueshift. The rest wavelength of C iv is taken as 1549.05Å, which is the mean doublet wavelength for optically thin emission (2:1 flux ratio of the 1548.19Å/1550.77Å lines). Column (9) lists the shape parameter for C iv, defined by BG92 as (FW1/4M + FW3/4M)/(2×FWHM). Column (10) lists the line asymmetry parameter, C iv asymmetry, defined by De Roberies (1985) as the shift between the centroids at 1/4 and 3/4 maximum in units of the FWHM. Positive values indicate excess blue wing flux. Column (11) lists the C iv/Hβ line flux ratio, R f line (throughout this paper the prefix 'R' indicates the ratio of a variable to that of Hβ). The Hβ line flux was calculated using the Hβ EW (BG92) and continuum flux density at 4861Å measured here. Column (12) lists the log of R C iv FWHM, calculated using the Hβ FWHM values from BG92 and the C iv FWHM values in column (7). Column (13) lists the ratio of the C iv to Hβ line flux density at v shift = 0. Column (14) lists the continuum flux density at 4861Å in units of 10 −15 erg cm −2 s −1Å−1 . Column (15) lists the optical to UV slope αo,UV, measured between 4861Å and 1549Å using fν. Columns (16) and (17) list the EW of the narrow, [O iii] like, component of C iv and Hβ, respectively, in units ofÅ. Finally, column (18) lists the correction factor for the flux densities of the optical spectra (Section 2.2.1).
RESULTS & DISCUSSION
3.1 The C iv versus Hβ profile parameters Figure 2 compares the distribution of the EW and the profile parameters: shape, asymmetry, and shift for C iv and Hβ. The C iv line shows a broader distribution in all parameters. In particular, the C iv EW (inÅ) ranges from 5 to 290, with a mean and dispersion of 59 ± 45, while Hβ EW ranges from 23 to 230 with a mean and dispersion of 99 ± 37, i.e. the dispersion/mean ratio in C iv is twice as large as in Hβ. The asymmetry parameter distribution of Hβ shows a small excess of negative values, which correspond to red asymmetric profiles (i.e. excess flux on the red wing), while C iv shows a large excess of blue asymmetric profiles. Similarly, the shift parameter in C iv extends to a blue shift of −0.538, while in Hβ the maximum blue shift is only −0.135 (see similar result in fig. 3 of . In both lines the maximum shift to the red is small. This confirms the various earlier literature results on the systematic differences between the high and low ionization line profiles (Section 1). The circles indicate the binned C iv data points. Filled circles are data points used in the fitting procedure, and empty circles are data points which were excluded due to possible intrinsic or Galactic absorption (Laor & Brandt 2002) . Note the remarkable profile similarity in some objects (e.g. PG 0003+158; PG 1121+422; PG 1416−129), and large differences in others (e.g. PG 0157+001; PG 1259+593; PG 1543+489). Table 1 . a EW values with a decimal point are based on HST spectra, while the integer rounded values are based on IUE spectra.
The C iv versus Hβ FWHM
a narrow C iv. About 21 per cent (17/81) of our objects qualify as 'narrow line' AGN based on Hβ, i.e. have FWHM < 2000 km s −1 , but only 2.5 per cent (2/81) of the objects have a C iv FWHM < 2000 km s −1 . Figure 3 (upper panel) shows that although there is a significant correlation between the C iv and Hβ FWHM, as found in earlier studies (Corbin 1991; Corbin & Boroson 1996; Marziani et al. 1996) , the scatter in the correlation is large. Most importantly, the scatter is not random but rather shows a systematic trend. Fig. 3 (lower  panel) shows the ratio of C iv/Hβ FWHM as a function of Hβ FWHM. In most (∼ 90 per cent) objects with Hβ FWHM < 4000 km s −1 the C iv line is broader than Hβ, while in most objects where Hβ FWHM > 4000 km s −1 the C iv line is narrower than Hβ. A similar effect is seen in fig. 7 of Shemmer et al. (2004) , where they plot the distribution of the C iv FWHM versus Hβ FWHM for a sample 82 quasars, all at a relatively high redshift (2 < z < 3.5) compared to our sample (z < 0.5). This similarity is noteworthy given the large difference in redshift and maximum luminosities of the two samples (a similar effect is also seen in the low redshift sample of Corbin & Boroson 1996, fig.7 there).
A commonly accepted view is that the C iv line tends to be broader than Hβ (e.g. fig. 4 in Warner et al. 2003) , which is consistent with the smaller emission radius indicated in some reverberation studies (see Section 3.3). However, this appears not to hold in most of the Hβ FWHM > 4000 km s double peaked Balmer line AGN, where Hβ is often broader than C iv (Halpern et al. 1996) .
The systematic differences between the Hβ and C iv profiles raise the concern, can the C iv FWHM replace the Hβ FWHM as a comparable accuracy tool for estimating MBH?
3.3 The C iv based MBH estimates Current studies which utilize the C iv FWHM to estimate MBH (Vestergaard 2002; Corbett et al. 2003; Warner et al. 2003 Warner et al. , 2004 assume the same dependence of MBH on luminosity and line width as used in the Hβ based MBH estimates (e.g. Kaspi et al. 2000) . Intercalibration of the two methods in the studies above yields a constant correction factor, which corresponds to a mean C iv emission radius in the BLR of about half the Hβ emission radius, consistent with reverberation results in some nearby AGN (Korista et al. 1995; Onken & Peterson 2002) . However, the systematic trend in the C iv/Hβ FWHM ratio shown in Fig. 3 indicates that the above C iv based MBH estimates will be biased. Since MBH ∝ FWHM(line) 2 , the C iv based MBH estimates in objects with Hβ FWHM < 4000 km s −1 will be too high by a factor of typically 3-4, and up to a factor of 10 in the extreme cases. Similarly, in objects with Hβ FWHM > 4000 km s −1 the above C iv based MBH estimates will be too low by the same factors (see Section 3.5).
As Fig. 3 (upper panel) shows, the C iv FWHM is only weakly dependent on the Hβ FWHM, which indicates that the above bias cannot be reliably corrected based on the C iv FWHM, e.g. an AGN with C iv FWHM = 4000 km s
can have an Hβ FWHM anywhere from 1500 km s −1 to 7000 km s −1 with about the same probability. However, indirect correlations mentioned below (Section 3.5) may allow The values of r S and Pr are indicated. Note that in nearly all objects where Hβ FWHM < 4000 km s −1 C iv is broader than Hβ, while in most objects where Hβ FWHM > 4000 km s −1 C iv is narrower than Hβ.
somewhat more accurate estimates of the likely Hβ FWHM for a given C iv FWHM. An additional, less direct, indication for the lower accuracy of the C iv MBH estimate is provided by the Baldwin relation. BL04 have shown that the Baldwin relation for C iv appears to be induced by a significantly tighter relation between the C iv EW and L/L Edd (rS = −0.581, Figure 4 , left panel). We have repeated this analysis with L/L Edd estimated using the C iv based expression for MBH provided by Vestergaard (2002) 2 . No significant correlation is present between the C iv EW and L/L Edd derived using the Vestergaard relation (rS = −0.205, Fig. 4, middle panel) , which most likely results from the large scatter present in the C iv based MBH estimates. A qualitatively similar result was found by Shemmer et al. (2004) , where they find a significant correlation between the BLR metalicity and L/L Edd in their 2 < z < 3.5 sample, when MBH is estimated using and log(C iv FWHM) which gives the largest r S . Note that the improved r S is still not significant.
Hβ, but a significantly lower correlation when C iv is used to infer MBH (figs. 5 & 8 there).
The C iv line may follow a different radius luminosity relation than assumed by Vestergaard. To allow for that we looked for the strongest correlation of log C iv EW with a general linear combination of the form log [νLν(1549Å)] +a log(C iv FWHM), where a is a free parameter. The strongest correlation we find is rS = −0.283 at a = −1.19 (Fig. 4, right panel) . This correlation is still much weaker than the correlation with L/L Edd estimated based on Hβ. This indicates that the scatter seen in the C iv versus Hβ FWHM relation (Fig. 3) is probably not just due to a different radius versus luminosity power law relation for the C iv emitting region (e.g. if MBH ∝ C iv FWHM 2 then a = −1.19 implies RBLR ∝ L 1.68 for C iv, which appears unlikely; the alternative option of maintaining RBLR ∝ L 0.5 for C iv would require MBH ∝ C iv FWHM 0.6 which appears even less plausible). What is it then that determines the C iv profile?
The correlation analysis
To obtain clues for the effects which may control the C iv profile, and in particular the differences between the C iv and Hβ profiles, we carried out an extensive correlation analysis, as described below. We use the Spearman rank-order correlation coefficient, which tests for any monotonic relation, rather than the Pearson correlation coefficient, which tests the significance of a linear relation only. Table 2 presents the correlation matrix. Rows are present for all the items from Table 1 (except the narrow component EW of C iv and Hβ), all the optical emission line parameters from BG92 (see BG92 for definitions), the values of the optical to X-ray slope (3000Å to 2 keV) αox from Brandt, Laor & Wills (2000) and Laor & Brandt (2002) , νLν(3000Å), MBH and L/L Edd (see above), αx, measured at 0.2-2 keV (Wang et al. 1996; Laor et al. 1997b ), the optical continuum slope αo from Neugebauer et al. (1987 , table  5 there), the degree of broadband optical continuum polarization (3200-8600Å; Berriman et al. 1990 , table 1 there), and the C iv absorption EW (Laor & Brandt 2002 , table 1 there). Columns are present for all the relevant parameters measured in this study, excluding the C iv asymmetry, R asymmetry, and R shift, which do not show any significant correlations.
Correlations where the corresponding null probability is less than 10 −4 are marked in bold face (excluding the C iv absorption EW correlations, where the two strongest correlations are marked). To help interpret the significance of the rS values listed in Table 2 , we list in Table 3 the null probability corresponding to various rS values and sample sizes.
The C iv EW shows the largest number of significant correlations. These were discussed in BL04 and will not be repeated here. The next C iv profile parameter with the largest number of significant correlations is the C iv to Hβ FWHM ratio, which is further discussed below. Figure 5 presents most of the significant correlations between R C iv FWHM and the various other parameters. The strongest correlations are with parameters related to the Fe II strength, the [O iii] strength, and the Hβ asymmetry. These parameters are part of the BG92 set of correlated optical emission line properties, which they termed eigenvector 1 (EV1). Narrow Line Seyfert 1 galaxies, NLS1s, generally populate the extreme end of EV1 (Osterbrock & Pogge 1985 , and citations thereafter), with strong Fe II emission, weak [O iii] emission, and blue excess Hβ asymmetry. As shown in Fig. 5 , in such objects the C iv line is broader than Hβ. Large R C iv FWHM objects also have a steep αx, consis- c Correlation coefficient when νLν (3000Å) kept fixed. d 75 objects were used in the analysis. e 65 objects were used in the analysis. f 69 objects were used in the analysis. g 54 objects were used in the analysis.
The R C iv FWHM
tent with the strong correlation between αx and EV1 (Laor et al. 1997b) , and they also show weaker C iv emission, consistent with the known tendency of NLS1s to show weaker C iv emission Shang et al. 2003) . A new result shown in Fig. 5 is that the weakness of C iv relative to Hβ is more pronounced when looking at the relative line flux densities at v = 0 km s −1 . This probably results from the combined effect of the broadening and weakening of the C iv emission in NLS1s. In addition, we find here that large R C iv FWHM objects tend to have line shape parameters closer to unity.
We note in passing that the correlations of the C iv EW, C iv luminosity and C iv shape with R C iv FWHM can be applied for improving the accuracy of the C iv based MBH estimates. Specifically, the measured values of C iv EW, shape and luminosity, can be used to calculate the likely value of R C iv FWHM, e.g. based on a linear regression fit, and that value can then be used to infer the likely value of Hβ FWHM for a given C iv FWHM. This estimated Hβ FWHM can then be used to calculate MBH, thus overcoming part of the large scatter present in C iv based MBH estimates. A search for the tightest correlation between log Hβ FWHM and a linear combination of log C iv FWHM, log(C iv EW), log L(C iv) and C iv shape yields a best fit relation log(Hβ FWHMest) = log(C iv FWHM) +0.25 log(C iv EW) + 0.13 log[L(C iv)] +0.4(C iv shape) − 6.6, where the EW is in units ofÅ, and L(C iv) is in units of erg s −1 . Figure 6 , upper panel, shows the MBH estimates based on C iv (following Vestergaard 2002) versus the estimate based on Hβ, which shows a dispersion of 0.505 (log scale), while the lower panel shows instead a comparison with MBH derived using Hβ FWHMest rather than C iv FWHM. The dispersion reduces to 0.378, which is smaller, but still considerable. Thus, in the absence of direct observations of Hβ, the UV based Hβ FWHMest may provide a somewhat more accurate estimate of MBH than provided by the C iv FWHM.
The EV1 correlations are commonly interpreted as physical changes in the AGN properties which are related to the value of L/L Edd (e.g. BG92). Figure 7 shows there is indeed a strong correlation of R C iv FWHM with L/L Edd (rS = 0.604). A plausible physical explanation for this effect is an outflowing wind component in the BLR, driven by a large L/L Edd , which can produce a higher column density outflow and thus a higher line emissivity. Such an outflow will have a lower density (due to expansion and increased speed), and would contribute mostly to the higher ionization lines, producing a broadened, shifted, and blue asymmetric C iv line (Section 1). The lower ionization lines, such as Hβ, may originate from denser lower ionization gas, lying deeper within the BLR structure, which would be less affected by radiation pressure, and mostly dominated by gravity. However, Fig. 7 shows there is an even stronger correlation of R C iv FWHM with MBH (rS = −0.770), for which we find no clear physical explanation. Both correlations shown in Fig. 7 could however be induced by the tight relation between R C iv FWHM and Hβ FWHM (rS = −0.814; Table  2 ), and the fact that L/L Edd and MBH are correlated with the Hβ FWHM. The partial correlations of R C iv FWHM with L/L Edd and MBH, for a fixed Hβ FWHM, are indeed insignificant in our sample (rS of −0.099 and −0.183, respectively). This does not preclude the above scenario of a physical relation between R C iv FWHM and L/L Edd , but in order to test it one needs a sample of AGN covering a wide range of L/L Edd at a fixed Hβ FWHM. This will allow one to separate out the dependence of R C iv FWHM on L/L Edd (or MBH) from its dependence on Hβ FWHM. To achieve that, one needs a sample of AGN covering a wide range in luminosity (e.g. Yuan & Wills 2003, figs. 4 & 5 there) . Despite the plausibility of the high L/L Edd driven BLR outflow scenario, Fig. 7 clearly demonstrates that although a high L/L Edd is necessary for a large R C iv FWHM (there are no large R C iv FWHM objects at low L/L Edd ), it is clearly not sufficient (there are low R C iv FWHM objects at a high L/L Edd ). This is further demonstrated in Figure  8 which shows two different types of line profiles in objects with a high L/L Edd ( > ∼ 0.8). The left panel shows the C iv and Hβ profiles of I Zw 1 and three more 'I Zw 1-like' objects in our sample. All objects have a large values of R C iv FWHM, a large C iv blue-shift, and a large blue excess asymmetry (see Leighly & Moore 2004 for two additional examples). Such objects are found only at high L/L Edd values (Fig. 7) , which supports the L/L Edd driven outflow interpretation. However, the right panel in Fig. 8 shows the profiles of four other high L/L Edd objects where R C iv FWHM is small ( < ∼ 0), the C iv line shift is small, and the line profiles are symmetric. Thus, having a high L/L Edd appears to be a necessary, but not sufficient, condition for having 'I Zw 1-like' C iv profiles. What is the difference between the 'normal' and 'I Zw 1-like' objects at a high L/L Edd ? A correlation analysis of the various emission parameters with R C iv FWHM for the subset of L/L Edd > 0.5 objects did not yield new correlations beyond those present for the complete sample. We note, anecdotally, that all the objects on the left panel of Fig. 8 have relatively weak soft X-ray emission (PG 1259+593, PG 1543+489, Brandt et al. 2000) , or show significant X-ray and UV absorption (PG 0050+124, Gallo et al. 2004 , Purquet et al. 2004 PG 2112+059, Gallagher et al. 2004a , while none of the objects on the right panel show evidence for either effects. This trend is consistent with the result of Gallagher et al. (2004b) that AGN with a blueshifted C iv emission show excess X-ray absorption compared to normal AGN. A possible interpretation of the above trend is that the outflow component indicated by the 'I Zw 1-like' C iv profile also tends to absorb the UV and/or X-ray emission. However, it does not explain why radiation pressure does not produce such an outflow in a significant fraction of high L/L Edd AGN.
Other correlations
Below we discuss various other correlations found in our sample, and compare them to some correlations found in earlier studies.
C iv Shift versus EW
Espey et al. (1989) noted an inverse relation between the shift of the C iv line peak, measured with respect to Hα, and the C iv EW, such that the line peak becomes more blueshifted as it becomes weaker. Similar correlations were found by Corbin (1990) , where the C iv shift was measured with respect to Mg ii, and by Marziani et al. 3 (1996;  shift relative to Hβ). Richards et al. (2002) constructed composite spectra for 794 SDSS quasars based on the C iv versus Mg ii velocity shift, and also found a decreasing C iv EW with increasing shift. Here we confirm the C iv EW versus shift correlation (rS = 0.376, Table 2, note that the correlation sign is positive here since a shift to the blue is defined as negative), but we note that the C iv EW shows significantly stronger correlations with other parameters, in particular those related to the strength of Fe ii, [O iii] and αox. The C iv shift shows comparable strength correlations with parameters related to the strength of Fe ii and [O iii]. Richards et al. (2002) found that the C iv EW versus shift correlation appears to be induced by absorption of the red wing of C iv, rather than a true shift of the line, which they suggested (among other options) may imply that this correlation is induced by inclination dependent absorption effects, rather than physical changes in the BLR properties. However, the strong correlations of the C iv EW with some of the BG92 EV1 parameters mentioned above, and the various evidence that the EV1 correlations are driven by L/L Edd (see also BL04) argue that the correlation of the C iv EW with the C iv shift is not just an inclination effect, but may rather be induced by the dependence of both parameters on L/L Edd .
3 Note that Marziani et al. separate the C iv profile into narrow and broad components based on a Gaussian decomposition, where the narrow component is not related to the NLR line profiles. This decomposition is inherently nonunique, making it difficult to interpret their results. Marziani et al. (1996) find significant correlations of R Fe ii EW with R C iv EW and C iv shift, which we verify here (Table 2 ), although we find that R Fe ii EW shows stronger correlations with the C iv EW and with R FWHM. As mentioned in BL04, the inverse relation between the Fe ii and C iv strength may be an optical depth effect, where large resonance line optical depth results in the conversion of UV Fe ii to optical Fe ii (Netzer & Wills 1983; Shang et al. 2003) , and the collisional destruction of the C iv line (Ferland et al. 1992) . Alternatively, the Fe ii and C iv lines may originate in different populations of clouds in the BLR, and the inverse relation can be induced by the dominance of one population at the expense of the other, e.g. due to obscuration (T. Boroson, private communication) .
Correlations with Fe ii EW
In the 'single population of clouds' interpretation the differences between the C iv and Hβ line profiles 4 may be induced by a velocity dependent optical depth in the BLR. For example, at higher velocities the line optical depth may drop, causing enhancement of C iv emission and suppression of the optical Fe ii. Alternatively, in the 'two populations of clouds' interpretation the difference in profiles may result from different physical locations of the two populations. For example, higher ionization lines may originate closer to the center, making C iv broader than Hβ. However, both interpretations do not explain naturally why C iv becomes narrower than Hβ when the Hβ FWHM > 4000 km s −1 . A possible alternative interpretation for the inverse trend in line widths is that Hβ and C iv have orthogonal velocity fields.
For example, Hβ originating in a high density low ionization Keplerian disk component, and C iv in a lower density higher ionization radial outflow component (e.g. Wills et al. 1993a ). The Hβ FWHM < 4000 km s −1 objects would then represent 'face on BLR disk' objects and Hβ FWHM > 4000 km s −1 'edge on' objects (e.g. Wills & Browne 1986) . If true, that would imply that the Hβ based MBH estimates could be biased, but there is no current supporting evidence for such a bias. Velocity resolved reverberation mapping will be invaluable in disentangling the spatial distribution of the low and high ionization line emission as a function of velocity in the BLR (e.g. Horne et al. 2004 ).
Notable noncorrelations
The correlation strength between the C iv and Hβ shift, shape, and asymmetry parameters are, respectively, 0.173, −0.173, and 0.136, which are all insignificant (see Table 3 ). This lack of correlation is surprising. For example, if the Hβ and C iv blue excess asymmetry were produced by radiation pressure effects, which may produce a large asymmetry in C iv and a weaker one in Hβ, then one would expect the amount of line asymmetry to be correlated as both would be driven by L/L Edd 5 . The lack of significant correlations between the C iv and Hβ profile parameters suggests that unrelated mechanisms influence the two line profiles.
The C iv shift and shape parameters show at most marginally significant correlations with the various optical and UV emission parameters explored here. The C iv asymmetry shows no significant correlations at all (and was therefore not included in Table 2 ). This, again, argues against the idea that the C iv asymmetry is generally induced by radiation pressure effects, which should have produced a correlation with L/L Edd and some of the EV1 parameters. Corbin & Boroson (1996) found a significant correlation (−0.650) between the C iv asymmetry and the luminosity at 1549Å, however we find no significant correlation here (rS = −0.078). Also, suggest there is a significant correlation between the C iv shift/C iv EW ratio and the Hβ FWHM, again this correlation is not significant in our sample. Leighly & Moore (2004) find a significant correlation between the C iv asymmetry and C iv EW in a sample of NLS1s. Here we find in our corresponding sub-sample of 17 narrow line PG AGN with Hβ FWHM < 2000 km s −1 , a correlation of 0.314 (but only 0.007 for the complete sample) which is not significant. Leighly (2004b) finds a significant correlation between the fraction of the C iv line flux at v < 0 km s −1 and C iv EW and αox in their NLS1s sample. Here we find in our corresponding sample correlations of −0.483 for the C iv EW versus the C iv line flux at v < 0 km s −1 , which is marginally significant, and −0.053 for the correlation with αox, which is clearly insignificant.
Indicators for dust absorption and scattering
AGN display a range of optical-UV spectral slopes. This range could be an intrinsic property of the continuum pro-duction mechanism, or it may, at least in part, be induced by intrinsic dust extinction. Below we present a set of correlations of various parameters with αo,UV, which suggest that dust has noticeable effects on the continuum and line emission in our AGN sample, despite its relatively blue color selection criterion. Figure 9 , upper panel, shows there is a significant correlation between the C iv/Hβ flux ratio and αo,UV, such that AGN with a redder continuum tend to have a relatively weaker C iv emission. A similar trend of weaker C iv emission in redder quasars was noted by Richards et al. (2003) . The two diagonal lines in the upper panel, which bound the distribution of most of the objects, represent the effects of absorption by a foreground screen which suppresses both the line and continuum emission by the same factor 6 . This correlation appears to indicate that some of the range in the C iv/Hβ flux ratio is due to absorption by dust outside the BLR (as expected due to sublimation, Laor & Draine 1993) , which reddens both the lines and the continuum at a given wavelength by the same amount. The intrinsic range in the C iv/Hβ flux ratio may thus be closer to a factor of ∼ 10, rather than ∼ 30 as Fig. 9 indicates. The C iv/Hβ flux ratio also shows a strong correlation with αox (Table 2) . Since the dust X-ray (2 keV) absorption is negligible compared to the optical one (e.g. fig. 6 in Laor & Draine 1993) , it cannot explain the correlation with αox, which may reflect the dependence of the intrinsic C iv/Hβ line ratio on the shape of the ionizing continuum (e.g. Korista et al. 1998) . Interestingly, the same trends were already noted by Netzer et al. (1995) for the Lyα/Hβ line ratio, which they find is also strongly correlated with both αo,UV and αox, and which they interpret as above.
The second panel shows there is a significant correlation of the visible (white) light percentage polarization (Berriman et al. 1990 ) and αo,UV, such that the highest polarization increases as the objects become redder. A plausible interpretation is that redder objects tend to have a larger covering factor of dust, which will scatter a larger fraction of the continuum light and produce a stronger component of polarized scattered light. The increased extinction of the transmitted, presumably unpolarized light, in steep αo,UV objects also increases the relative contribution of the polarized light, and thus the percentage polarization. The presence of low polarization objects at the steepest αo,UV may be produced by geometrical dilution of the polarization amplitude, as the polarization tends to zero towards a face-on view of an azimuthally symmetric scattering source. Strongly reddened and polarized continua are commonly observed in far IR selected AGN (e.g. Wills 1999; Antonucci 2002; Hines et al. 2001) , and the above correlation suggests it extends with a smaller amplitude to blue color selected AGN, such as the PG quasar sample.
The third panel shows there is a significant correlation between αo,UV and the C iv absorption EW (from Laor & Brandt 2002) , such that redder objects tend to have stronger C iv absorption. This result is consistent with the finding of Constantin & Shields (2003) that NLS1s with UV absorption lines are on average redder than those without absorption, and the finding of Hopkins et al. (2004) that intrinsic narrow UV absorption lines are more common in redder quasars. An association between UV absorption and reddening was established by Sprayberry & Foltz (1992) for low ionization broad absorption line quasars (BALQs), and was later shown by Brotherton et al. (2001) to extend with a smaller amplitude to all BALQs. Our results suggest the UV absorptionreddening association is present already at a UV absorption EW level of ∼ 1-10Å.
A plausible interpretation for this correlation is that the C iv absorption arises in gas associated with the dust which produces the reddening (e.g. Crenshaw & Kraemer 2001) . Alternatively, the dust and C iv absorbers may be spatially distinct but coplanar. For example, the dust absorption may originate in a torus like structure, while the C iv absorption may arise from an equatorial wind launched from an accretion disk which is coplanar with a larger scale torus. We note in passing that the C iv absorption is also correlated with αox (Brandt et al. 2000) , which may indicate the presence of an X-ray absorbing component coplanar with the C iv absorber. Since the C iv emission strength is also correlated with αox, the X-ray absorber is likely to exist inside the BLR, in order to affect the ionizing continuum incident on the BLR.
Evidence for an association between reddening, UV absorption, and a planar structure is seen in radio galaxies (Baker & Hunstead 1995; Barthel, Tytler & Vestergaard 1997; Baker et al. 2002; Vestergaard 2003) . A similar picture appears to hold for broad absorption line quasars, which apart from the redder continuum mentioned above, also show a higher polarization (e.g. Schmidt & Hines 1999; Ogle et al. 1999) , and a weaker C iv emission (Turnshek 1984; Hartig & Baldwin 1986 ). The correlations shown in Fig.9 suggest that this picture may also extend to optically blue selected quasars.
CONCLUSIONS
A study of the C iv and Hβ emission line profiles in a nearly complete sample of 81 low z optically selected quasars reveals the following:
1. Narrow C iv lines (FWHM < 2000 km s −1 ) are rare (∼ 2 per cent occurrence rate) compared to narrow Hβ (∼ 20 per cent).
2. When the Hβ FWHM < 4000 km s −1 the C iv line is broader than Hβ, but the reverse is true when the Hβ FWHM > 4000 km s −1 . This argues against the view that C iv generally originates further inward in the BLR compared with Hβ.
3. C iv appears to provide a significantly less accurate, and possibly biased estimate of the black hole mass in AGN, compared with Hβ.
4. The line profile differences are correlated with some of the BG92 eigenvector 1 parameters, which may be related to the relative accretion rate L/L Edd . A high L/L Edd appears to be a necessary, but somehow not sufficient condition for having strongly blueshifted and asymmetric C iv emission.
Thus, a simple understanding of what controls the C iv profile and the large range in C iv to Hβ FWHM ratio remains a challenge.
5. There are indications for dust reddening and scatter- . This may be induced by a contribution of dust scattered and polarized light, which increases in relative strength with increasing dust covering factor and optical depth. Lower panel: the relation of the C iv absorption EW (measured for 54 objects) and α o,UV . The C iv absorption and continuum reddening may arise in a foreground dusty gas, or it could arise in coplanar but spatially distinct components.
ing in 'normal' optically selected AGN. In particular, PG quasars with a redder optical-UV continuum slope show weaker C iv emission, stronger C iv absorption, and a higher continuum polarization. Reverberation mappings of AGN with highly discrepant Hβ and C iv profiles can provide important constraints on the spatial distribution of the line emissivity as a function of velocity, and thus test the various scenarios for the origin of the large profile differences. the manuscript and many helpful comments. This research has made use of the NASA/IPAC Extragalactic Database (NED), which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration.
